objectives To develop and implement a community-based programme for screening of diabetic retinopathy (DR) in urban populations of Delhi.
Introduction
Blindness and visual impairment is a major health issue that disproportionally affects larger populations in developing nations [1] . Over years, global blindness control efforts in developing nations have focussed on causes of avoidable blindness. With the stabilisation of blindness control efforts and due to the epidemiological transition, blindness due to diabetic retinopathy (DR) is increasing. DR affects economically active populations and is responsible for 2.6% of global blindness [2, 3] . It affects 34 .6% of all patients with type 2 diabetes mellitus (T2DM) and 10 .2% of all diabetics have vision-threatening DR [4] . A systematic review of studies from India concluded that 18.1% of known diabetics (KD) aged ≥50 years had DR [5] . DR is the fifth leading cause of blindness in India and has been included as a priority disease in Vision 2020: The Right to Sight India [6] . Globally, the number of patients with diabetes is expected to be 642 million by the year 2040, with most of this increase anticipated in low-and middle-income countries (LMICs) nations. Accordingly the burden of DR is expected to increase, especially in LMICs where patients often remain undiagnosed and poorly managed [7] .
Nearly a billion people live in slums globally, and this number is expected to double by 2050 [8] . Slum dwellers face a high burden of T2DM with prevalence rates reported as 8-10% in Bangladesh [9, 10] , 4.6% in India [11] and 5.3% in Kenya [12] . They have restricted access to health services, poor awareness and seek care when they have developed complications [8, 13] . Slum dwellers are often not aware of their diabetic status and when aware, the disease is often untreated or poorly controlled [14] [15] [16] . Care seeking for eye diseases too is delayed in slums [17] [18] [19] . Thus, slums provide the right mix of conditions for DR to develop and progress. A study from India has reported DR among 15.4% of population with T2DM [20] . As vision loss in DR occurs in advanced stages, unless identified through screening, the disease will go undetected till irreversible vision loss happens.
Epidemiologic studies on DR have utilised dilated retinal evaluation, using indirect ophthalmoscopy or by mydriatic four field or seven field fundus imaging by trained ophthalmologists [21] [22] [23] [24] [25] . Non-mydriatic fundus imaging has been utilised for screening in clinical settings [26] [27] [28] [29] [30] . However, the fundus cameras utilised in these settings (Canon CR5-45NM, Topcon TRC-NW6S) tend to be bulky, and not as easily transportable as anticipated [31] [32] [33] . Non-physician graders too have been successfully utilised in developed country settings [34, 35] , but their effectiveness in developing nations has not been evaluated. Recently handheld portable non-mydriatic fundus cameras have become available. However, to the best of our knowledge, programmes using these cameras for DR screening have not been described in the literature.
We present the results of an innovative communitybased programme for creating awareness about DR, nonmydriatic DR screening, referral of KD from urban slums of Delhi and assessment of risk factors for DR among them.
Materials and methods
This programme was implemented between January 2013 and June 2014. The target population were residents of slums within Delhi. It was approved by the Institutional Ethical committee, and written informed consent was obtained from participants. Components of the programme were (i) identification of known diabetic patients; (ii) screening of KD for DR at primary care level using non-mydriatic fundus imaging; (iii) referral of screened patients to tertiary care ophthalmic centre where free treatment was provided.
Study area and population
The programme was implemented in slums of all 11 districts of the National Capital Territory Delhi. Provision of primary health care is through government dispensaries and various secondary level hospitals, but access to primary eye care services is limited. The slum population consisted mainly of migrant daily wage workers, rag pickers and skilled and unskilled workers. There are 350 slums in Delhi of which 70 were selected for our screening programme.
Identifying KD
Participants were eligible for screening if they were 40 years or older and were KD defined as: available records of fasting blood glucose ≥126 mg/dl, or (ii) random blood glucose ≥200 mg/dl, or (iii) patient using oral hypoglycaemic or insulin. There were no exclusion criteria. KDs were identified in the community by active survey, through non-governmental organisation (NGO) volunteers and self-referrals through publicity (Figure 1 ).
Active survey by health workers
Health workers were trained in identification of KD patients. They conducted active screening of KDs in community by house-to-house surveys. Visits were planned to ensure maximum coverage of the entire slum. Detailed information was obtained regarding the number of KDs aged 40 or older in the house. All KDs were given a referral card with a unique identification number. This approach was adopted in slums located near our 17 vision centres.
NGO volunteers
Community volunteers working with the local NGOs were trained in identification of KDs. They operated in slum areas not covered by the vision centres. Through awareness generation and house-to-house visits, the NGO volunteers prepared line lists of KDs from the slum population. To minimise workload, they were asked to collect minimal demographic information only from KDs. A total of 674 volunteers were involved. Supportive supervision was performed through our centre's health workers. NGO volunteers collected information on number of KDs identified, and the total 40+ year population covered by them was not known. A total of 42 NGOs were involved; 10 were involved in active surveys and the remaining 32 in identification of KDs through volunteers.
Additional publicity programme
Publicity regarding the date and venue of DR screening camps was generated in the catchment areas for three days, by two trained NGO volunteers through distribution of pamphlets in local languages, and public announcements and talks at busy intersections and market areas. Local general practitioners, pharmacists and laboratories were asked to refer diabetic cases to DR screening camps.
Awareness
The programme staff and NGO volunteers created awareness in slum population regarding diabetes prevention and identification, prevention of DR through good control of diabetes and management of DR with the help of posters and pamphlets. They organised health talks and plays to promote awareness about complications of diabetes mellitus and DR. Awareness was also generated during home visits by health workers during active screening and by the NGO volunteers.
Diabetic retinopathy screening camps
DR screening camps were organised in the vision centres, local government dispensaries or local schools in the slums, within easy reach of residents. Each camp was planned to cover approximately 5000 population. One field worker, one laboratory technician, one dietician, two volunteers and two optometrists were involved in each DR camp. Activities during the camp included assessment of risk factors, clinical evaluation and ocular evaluation for DR. Health awareness talks about prevention of DR were also conducted. A dietician gave health talks on diabetic diet and healthy lifestyle.
Medical history and questionnaire
A trained field worker collected medical history of KDs using structured questionnaires. Information collected included family history of diabetes, duration of diabetes, complications related to diabetes (neuropathy and nephropathy, other associated systemic disorders), lifestyle modification practiced (yoga, diet modification) and type of medications used (allopathic, ayurvedic, homoeopathic or others) ( Figure 1 ).
Clinical evaluation
A laboratory technician measured blood pressure using a sphygmomanometer (Omron SEM-1 HEM-7051-C12). Height (in cm) and weight (in kg) of all KDs were measured and body mass index (BMI) calculated. Random capillary blood sugar was measured with a glucometer by finger prick method. It was noted if the patient had fasted overnight.
Ocular examination
Presenting visual acuity was assessed using a Snellen's chart. This was followed by fundus photography using non-mydriatic fundus camera. A portable handheld camera with retinal module (Pictor, Volk Optical, Inc. Mentor, OH, USA) was used to take paired images of fundus. This is a non-mydriatic fundus camera capable of imaging fundus even with 3 mm pupillary diameter. It uses infrared light-based focussing and thereby avoids the pupillary miosis that can happen if visible spectrum light is used for camera focussing. After focussing, fundus images are captured using visible light reflected out of the examinee's eye. The camera captures approximately 40°fi eld of view at a resolution of 5 megapixels (2560 9 1920 pixels). First right eye fundus image was captured and then the left eye. Both colour-and red-free greyscale images were captured. The optometrist evaluated the quality of the captured image directly on the display of the camera, and repeat images were captured as required. The images were then transferred on to a laptop computer. The optometrist viewed these images on a laptop and graded the DR according to International Clinical Diabetic Retinopathy Scale (Table 1 ) [36] . Patients diagnosed with any DR were counselled and referred to our tertiary care eye hospital. The KD patients without DR were advised follow-up for eye examination after 1 year in their nearest primary eye care centre. Patients with any DR or DME were advised rescreening after 6 months in addition to being referred to the base hospital [37] .
Training and quality assurance
All staff involved in KD identification underwent structured training by an ophthalmologist. A specific training module was developed to provide a 4-week training to the optometrist by a retina expert for the usage of nonmydriatic fundus camera. Quality assurance for optometrists' diagnosis of DR was made through regrading of all One or more of the following: Neovascularisation of optic disc (NVD) or elsewhere (NVE) Vitreous/pre-retinal haemorrhage Diabetic macular oedema CSME, Focal or Diffuse DME fundus images by an ophthalmologist during the initial 4 months, and through random checks subsequently, and interobserver variation (IOV) was measured.
Data entry and statistical analysis
All data were entered into a Microsoft Access TM database. The database had in-built logical checks based on legal values, range checks and completeness of data. BMI was categorised as undernutrition (BMI <18.5 kg/m 2 ); normal weight (BMI 18.5-24.9 kg/m 2 ); overweight and obese (BMI ≥ 25 kg/m 2 ). Duration of diabetes was categorised as under 5 years, 5-10 years and over 10 years. A participant who reported any cardiovascular, neurological or renal comorbidities was classified as suffering from comorbidities. Presenting visual acuity was categorised as ≥6/12, <6/ 12-6/18, <6/18-6/60, <6/60-3/60 and <3/60 based on better eye vision and worse eye vision. If measured fasting blood glucose was ≥126 mg/dl, or random capillary blood glucose was ≥200 mg/dl, the participant was classified as having uncontrolled diabetes. The data were exported to Stata version 14 (Stata Corp, College Station, TX, USA) for statistical analysis. Means and percentage and 95% confidence intervals (CI) were calculated as appropriate. Association between various patient characteristics and being screened positive for DR were studied using univariable and multivariable logistic regression analyses. A P-value of less than 0.05 was considered statistically significant.
Results

Identifying KDs
A total of 674 volunteers from 42 NGOs were trained in 54 training events. Known diabetic case finding was done in 17 slums through active survey and in 53 slums by NGO volunteers. A total of 285 publicity events were conducted on primary care of diabetes and DR. Besides, 158 general practitioners, 78 pharmacists and four laboratories were sensitised and involved in KD identification. A total of 11 566 KDs were identified and referred to DR screening camps. In the active survey, 33 750 individuals aged 40 years and older were enumerated of whom 2645 (22.8%) (7.8%, 95% CI 7.5-8.2) were KDs. Through NGO volunteers 3615 (31.2%) KDs were identified. An additional 4908 KDs reached DR screening camps through publicity, and 398 were referred by physicians, laboratories and pharmacists. The percentage of females among KDs was 54.4% identified in the active survey model, 62.5% through NGO volunteers, 60.4% through publicity and 57.1% through healthcare provider referral group.
Diabetic retinopathy screening camps
We organised 277 DR screening eye camps, and 9435 KDs attended these camps. Of these, 8566 (90.8%) underwent non-mydriatic fundus photography (in at least one eye). Of the remaining 869 participants, 553 registered but subsequently left the camp without fundus photography. Reasons for not undergoing fundus photography in 632 eyes of remaining 316 persons were presence of cataract (54.4%, 344 eyes), machine error (19.5%, 123 eyes), corneal opacity (3.2%, 20 eyes), miosis (2.1%, 13 eyes), refusal (16.9%, 107 eyes) and other reasons including anophthalmos, artificial eye or nystagmus (4.0%, 25 eyes). Among participants undergoing non-mydriatic fundus photography, DR was graded in 8432 (89.4%). In the remaining 134 participants, DR could not be graded as the quality of captured image was deemed inadequate (Figure 2) .
Diabetic retinopathy was identified in 1136 (13.5%, 95% CI 12.5-14.1) participants of whom 497 were men, 639 were women, 340 (15.2%) had a family history of diabetes, 791 (16.9%) had uncontrolled diabetes, and 198 (20.6%) reported systemic complications related to diabetes.
Effectiveness of DR screening
There was a good agreement for presence of DR between ophthalmologists and optometrist (Kappa 0.79) and moderate agreement for stages of DR between ophthalmologists and optometrists (Kappa 0.49). The sensitivity of optometrists in screening for any DR was 95% (95% CI 89.4-98.1), specificity was 64.2% (95% CI 55.4-72.3), positive predictive value of optometrists in screening for any DR was 70.4% (95% CI 62.7-77.3), and the negative predictive value was 93.5% (95% CI 86.3-97.6). On classifying the stages of DR it was observed that 351 (30.9%) had mild NPDR, 567 (49.9%) had moderate NPDR, 92 (8.1%) had severe NPDR, 77 (6.8%) had PDR, and 49 (4.3%) had diabetic macular oedema (Figures 1 and 2 ).
Risk factors for DR
On univariable analysis, it was observed that a higher percentage of males screened positive for DR (15.9%) than females (12.1%). DR was also significantly more likely if patients were age 60 or older (16.7%), had a family history of diabetes (15.2%), were on allopathic medicines alone (14.9%), had self-reported systemic complications (20.6%), normal BMI (16.6%) and BMI ≤18.5 kg/m 2 (21.2%). Duration of diabetes was significantly associated with DR (OR 6.6, 95% CI 5.6-7.8). Uncontrolled diabetes was also associated with higher risk of DR among KDs (OR 2.0, 95% CI 1.8-2.3). A linear trend was observed between presence of DR and worsening visual acuity. On multivariable logistic regression, being male, allopathic treatment, selfreported complications, BMI ≤18.5, each five-year increase in duration of diabetes and uncontrolled diabetes were independently associated with higher odds of DR (Table 2) .
Successful referrals to the base hospital after screening
All 1136 participants identified with DR were referred to base hospital but only 420 (37%) participants registered there. The presence of sight-threatening DR, moderate or severe visual impairment/blindness, systemic complication and nature of medication was not associated with successful referrals. The rate of successful referrals reaching the hospital was significantly lower among women (OR 0.6, 95% CI 0.4-0.7) and participants under 60 (OR 0.7, 95% CI 0.5-0.9). All 420 participants visiting hospital underwent fundus examination by indirect ophthalmoscopy, 344 optical coherence tomography, 126 fundus fluorescein angiography, 34 laser photocoagulation and 20 participants received either posterior subtenon triamcinolone or intravitreal bevacizumab.
Discussion
In this unique programme, a non-mydriatic fundus camera was used by optometrists for fundus screening in a location close to participants' houses, in urban slums where the population has poor access to health care. The programme enabled us to stage DR patients, provide them an immediate diagnosis and refer them to a tertiary care eye hospital. The prevalence of KDs in the slum community enrolled through active survey (7.6%) is similar to the reported prevalence of T2DM in previous reports from Delhi but lower than the prevalence in urban populations of Chennai, India [38] [39] [40] [41] . We observed that 13.5% T2DM cases suffered from DR, which is similar to an observation in urban slums of Mumbai where 14.5% of diabetics had DR [24] . We saw that DR was associated with risk factors such as low BMI, duration of diabetes, uncontrolled blood sugar, as reported in SNDREAMS II, CURES and APEDS [25, 42, 43] . However, we did not observe any association between a family history of diabetes and DR; genetics have been reported as contributory by Chen et al. [44] .
Initially, our main strategy was house-to-house survey by centre staff and later on, line listing by NGO volunteers. Finally, the programme strategy evolved to a publicitybased model, relying on generating awareness through NGO volunteers and encouraging diabetics to get screened. In house-to-house survey, a team of five members working for 3 days was able to refer 50 patients to camp. In the publicity strategy, similar camp attendance was obtained through publicity by two members of a local partner NGO done over 3 days. House-to-house survey was therefore much more resource intensive. The publicity model was quite successful, and the majority of our screening was made using this approach. Though not quantified, publicity would also have tremendously improved community awareness about DR.
Our screening programme had reasonable validity for any DR when we assessed the performance of optometrists against ophthalmologists. The programme had good yield as we identified 1136 patients with DR which is nearly 9.8% of all diabetics identified and 12% of all diabetics screened. We also had good acceptance as 81.6% of the diabetics identified attended the screening camps and of these 90.8% underwent fundus photography. The programme had integrated follow-up services, and all those who screened positive for DR were referred to a tertiary care hospital where detailed diagnostic and treatment facilities were available. We observed low rates of attendance at base hospital among referred cases which is similar to results obtained in south India [45] . We could not assess reliability, costs or cost-effectiveness in the programme because these were not in our objectives when the programme was designed and the strategy of case finding evolved over time making it difficult to appropriately apportion the costs. Future studies are required to address these lacunae [46] .
As case finding and screening camps were organised during the daytime, there was a female bias in KDs identified and screened. A limitation of our programme is that it focuses only on KDs, but in India, only one-third of diabetics are aware of their disease status. As the majority of KDs were identified through self-referral, the results are not generalisable to the whole population.
The programme presents several advantages. A DR screening facility, which would otherwise be available in specialist retina clinics, was provided at the doorsteps of the urban poor. This minimised the loss of wages for residents who are mostly daily wage earners. As DR screening was made by an optometrist, the shortage of ophthalmologists in developing countries was overcome. Although we did not measure it, the involvement of NGO volunteers, healthcare providers and intensive publicity and health awareness about DR is likely to have sensitised community to the threat of DR.
There is no doubt that secondary prevention of T2DM through early screening and effective treatment will prevent development of complications such as DR. At the same time, a large proportion of patients with T2DM in India remain uncontrolled, and the majority of the patients with T2DM do not routinely undergo fundus examination for DR in developing countries [47] [48] [49] . Therefore, adequate emphasis must be laid on promoting DR screening programmes.
Diabetic retinopathy is poised to be a major burden on eye health systems in coming years due to the epidemiologic transition and increasing burden of diabetes. Being a cause of irreversible blindness, it is imperative that programmes for early identification of DR among diabetics are developed and evaluated. Our programme proposes a community-based approach to population screening of Diabetic Retinopathy, its identification and management by involving the community, healthcare providers, trained volunteers, local general practitioners, pharmacists, laboratories, optometrists and a tertiary care public hospital in imparting services. It also demonstrates the feasibility of using a non-mydriatic fundus camera for identification of DR by optometrists.
